Driving performance variability among elite golfers by Kenny, Ian C. et al.
Original Article                                                                                                      Proceedings of 7th ISEA 
CONFERENCE 2008 
_________________________________________Biarritz, June 2-6, 2008 
Copyright of ISEA 2008 CONFERENCE 
 
Driving Performance Variability Among Elite Golfers 
 
Ian C. Kenny1, Eric S. Wallace2, Steve R. Otto3 
 
(1) : University of Limerick 
Ph/Fax : +353 (0)61234308 / +353 (0)61202814 
ian.kenny@ul.ie 
(2) : University of Ulster 
Ph/Fax : +44 (0)2890366535 / +44 (0)2890368255 
es.wallace@ulster.ac.uk 
(3) : R&A Rules Ltd. 
Ph : +44 (0)1334460000 
steveotto@randa.org 
 
Abstract: In recent years studies have been carried out on single subjects, for example by Kinugasa et al., 2004. It has been 
reported that it is unlikely any two golfers will have an identical swing, and even that an individual golfer is unlikely to produce 
two identical swings. The present study aimed to address performance variability among elite level golfers to ascertain whether 
single-subject (SS) analysis is merited for golf studies. Six elite golfers (0.1 ± 2.2 handicap, 22.1 ± 2.3 yrs) performed eight trials 
each using three randomly assigned drivers specifically constructed with matched physical properties for the current study. Testing 
was carried out on a purpose-built outdoor practice hole. A stereoscopic high-speed camera was used to record club head and ball 
launch conditions prior to and immediately after impact. Two laser range finders were positioned approximately 250 yards (229 m) 
from the tee providing measures of carry and accuracy. There existed significant differences in overall performance between 
subjects. Club head velocity, spin axis tilt, launch angle and dispersion all exhibited inter-subject differences (p<0.05). In addition, 
club head velocity exhibited significant intra-subject variability (p<0.01) among all subjects. However, whilst statistically 
significant variations in carry and dispersion were observed for shots performed with matched drivers, absolute variation was 
actually very small (<0.5 %). Results suggest that golf research merits SS analysis although intra-subject variability was also noted 
among even elite level golfers. 
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1 - Introduction 
 
Biomechanics researchers including Hatze (2005) and Farrally et al. (2003) have discussed the need for subject-specific 
investigation into human motion by means of computer models and movement simulation. They called for development of models 
that are anthropometrically tailored for individual subjects, therefore providing a better correlation between experimental and 
theoretical results. Indeed, Kenny et al. (2006) and Nesbit and Ribadeneira (2003) have developed such models, aiding 
investigation into the golf swing and driver parameters. Statisticians including Bates (1996), Bates et al. (2004) and Kinugasa et al. 
(2004) have expressed confidence in conclusions drawn using appropriate statistical techniques which may be applied to perform 
analyses on data collected during single-subject investigations. In recent years biomechanical studies have been carried out on 
single subjects, for example by Bates, 1996; Bates et al., 2004; Kinugasa et al., 2004 and Reboussin and Morgan, 1996.  
 
However, despite a number of large and small-scale musculoskeletal models and computer simulations emerging in recent years, it 
remains to be ascertained whether golf drive shot performance analyses, using single-subject elite golfer kinematic data, is valid.  
Naturally, intra-subject trial data will usually correlate better than inter-subject data. The large number of degrees of freedom 
associated with whole body movements, and the larger number of motor control units and muscles involved in multi-joint 
movements mean that the method by which a golfer moves the driver club head from the address position to make appropriate 
impact with the ball is highly likely to differ in three dimensional space for each shot. According to Bernstein (1967), the 
musculoskeletal system with this large number of degrees of freedom, allows goal-directed tasks to be accomplished in a variety of 
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ways. Task and mechanical constraints help to reduce the large number of degrees of freedom to a clearly recognisable and 
relatively invariant movement pattern. When learning a novel motor problem, the subject can resolve the problem by rigidly fixing 
(freezing) certain components and/or strongly coupling their displacements, thus reducing the number of initial degrees-of-
freedom. Elite golfers are deemed to be highly efficient in creating this reduction. In the course of practice, these couplings could 
then be relaxed to permit more economical coordination through the use of the internal and external forces acting on the system. 
These hypotheses formulated by Bernstein (1967) have been confirmed by one study in which the subjects had to acquire a novel 
cycle or discrete coordination pattern (Temprado et al., 1997). Latash et al.’s (2002) study reported that “an essential feature” of a 
coordinative structure is that if one of the component parts introduces an error into the common output, the other components 
automatically vary their contribution to movement organisation and minimise the original error. It is this reorganisation that the 
present study addressed. 
 
During a round of golf, a golfer can make shots with a number of different clubs and in some cases club physical properties often 
differ by very small amounts. Using drivers that actually did not differ in physical properties, the authors sought to investigate, for 
a highly skilled cohort of players, did initial club head and ball launch conditions or shot outcome vary significantly between 
players, and between trials for individual players. As part of a larger investigation into the use of three dimensional motion analysis 
data to drive musculoskeletal models of the golf drive by the authors, intra-subject variability, or lack of, is important in the 
assessment of validity of such computer models. 
 
 
2 - Methods 
 
2.1 - Subjects & Equipment 
 
Six male subjects (0.1 ± 2.2 handicap, 22.1 ± 2.3yrs, 76.93 ± 9.45kg, 1.80 ± 0.04m) signed an informed consent form and 
completed an activity and medical history questionnaire. Ethical approval was granted by the University of Ulster Research Ethics 
Committee. Driver component brands were selected based on perceived quality and their popular use by elite golfers. Fifteen shafts 
and fifteen club heads were purchased, all of which underwent static testing in a laboratory to determine their key properties prior 
to club assembly. Club heads were tested for mass, volume, loft, lie and face area to identify three club heads best matched for 
these properties. Similarly, the fifteen shafts were statically tested for shaft mass, torque and frequency so that three closely 
matched shafts could be selected.  
A 350 cc, 200.05 g club head was temporarily fitted to each shaft in turn for the purposes of the test. The butt end of the shaft was 
clamped in a Golfsmith’sTM frequency analyser, a support placed at a distance of 0.15 m from the hosel and a weight clamp 
positioned 0.05 m from the hosel. A protractor fixed to the weight clamp was used to determine angular displacement of the clamp 
when a mass of 50 g was placed on the distal end of the clamp. A Golfsmith’sTM frequency analyser clamped the butt end of the 
shaft in place for assessment of shaft frequency. Masking tape was placed around the shaft and the tape marked around its 
circumference at 15 degree intervals. Downward pressure, resulting in 0.10 m deflection, was placed on the club head which, when 
released, allowed the club head to oscillate naturally. For each 15 degrees angular displacement, the test was performed 3 times and 
frequency values obtained from the analyser. Drivers were assembled by a skilled club assembly qualified PGA professional. 
Measures of loft, lie and overall mass were repeated during the assembly process to minimise clubs differences. Table 1 shows the 
physical properties for the main components measured for ‘matched clubs’. Some industry standard units are also shown (inches), 
as is also the case later in the current paper for drive length (carry in yards). 
Table 1 :  Test clubs physical properties. 
 
 
Club length (″/m) 1.168 / 46 1.168 / 46 1.168 / 46 
Tip Diameter (mm) 3.5 3.5 3.5 
Flex X* X* X* 
Torque (˚) 2.8 2.8 2.8 
Shaft Mass (g) 63.0 63.0 63.0 
Head mass (g) 199.97 200.10 200.50 
Loft (˚) 9.0 9.0 9.0 
       *X- Denoted ‘stiff’ by manufacturer 
Data from a previous study (Egret et al., 2003) determined that normal club head velocity for the skill level of the subjects 
recruited was in excess of 44.7 ms-1 (100mph) and less than 51.4 ms-1 (115mph). As such, the speed of a swing affects the amount 
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of bending experienced by the shaft, therefore club head/ball impact characteristics, the magnitude of shaft deflection increasing as 
swing speed increases. Swing speed for the subjects recruited for the current study suited a stiff shaft. Club length for the subjects’ 
own drivers ranged from 1.13m (44.5″) to 1.17m (46″) and matched drivers were constructed 46″ in length.  
 
2.2 - Experimental Procedures 
 
Testing was carried out on a purpose-built practice hole with a straight fairway cut 40 yards (36.58 m) wide, 330 yards (301.75 m) 
from tee to pin, with a raised tee box and visible flag on the green. Figure 1 illustrates the set-up used for testing. A stereoscopic 
high-speed camera positioned perpendicular to the intended direction of ball flight was used to record club head and ball launch 
conditions prior to and immediately after impact which included club head velocity, club head orientation, initial ball velocity, ball 
backspin, sidespin (component of spin axis tilt), and ball launch angle, both elevation and side angle. Two laser range finders were 
positioned approximately 250 yards (228.60 m) from the tee such that using calibration coordinates and known distance from one 
laser to the other, and the second laser to the tee, ball carry position as identified by two ball spotters could be determined within a 
coordinate frame, giving both carry and dispersion from a fairway centre line. Personnel were in place so that for each shot, data 
were recorded for club head and ball launch conditions using the launch monitor, for anecdotal information at the tee relating to 
quality and direction of the shot, and from each of the laser range finders for ball carry and dispersion. Premium balls were used for 
the present study. The test conditions, such as with the noted wind (average 1 to 5 km.hr-1, “Light air” on the Beaufort scale, right 
to left for shots being played), actual fairway and target factors, provided an ecologically valid test environment. 
 
 
 
 
 
 
 
 
 
 
Figure 1 :  Schematic testing set-up. 
To evaluate golfer skill and determine the level of variability, as indicated by the range or standard deviation of measures recorded, 
subjects were required to hit shots with the test drivers. The three constructed ‘matched’ drivers, were randomly assigned the 
identification numbers 1, 2 and 3. Each golfer performed their usual warm-up routine which involved stretching followed by 10 
practice shots with their own driver. Three sets of 8 trials were performed by each golfer using the randomly assigned matched 
drivers. Subjects were not informed that drivers were physically matched. 
 
2.3 - Data analysis 
 
Launch monitor and ball carry and dispersion data were amalgamated in tabular form using MSTM Excel v9.0.3821 SR-1 and 
included anecdotal information obtained from the subject and the experimenter at the tee. Anecdotal information identified any of 
the 8 shots which were mis-hit or which subjects reported as being markedly inferior. Additional shots were performed in such 
cases. Descriptive statistics were calculated relating to the central tendency of the measures recorded, namely mean, standard 
deviation, and the standard error in the mean (σ/√n). Inter-subject variance was statistically analysed using a one-way ANOVA with 
a post-hoc LSD test applied to any measures that showed significant variance. ANOVA assumes that data has been sampled from 
populations that follow a Gaussian bell-shaped or normal distribution. Biological data never follow a Gaussian distribution exactly, 
because a Gaussian distribution extends infinitely in both directions, including both extremely low negative numbers and high 
positive numbers. But many kinds of biological data, such as that collected in the present study, follow a bell-shaped distribution 
that is approximately Gaussian. Because ANOVA works well even if the distribution is only approximately Gaussian these tests 
are used in many fields. Graphical display in SPSS of the data collected in the present study confirmed that the distribution was 
normal. The post-hoc test that was selected, LSD, provided the simplest and most powerful means by which to clearly identify 
where any differences rested, in this case signifying inter-subject variability. 
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3 - RESULTS 
 
3.1 – Results 
 
Table 2 illustrates the means and standard deviations for all subjects for club head velocity, ball carry and dispersion. Also shown 
is the standard deviation of the mean for dispersion. It can be seen that there existed significant difference in overall performance 
between subjects. Club head velocity at impact and ball carry showed significant differences between subjects for all clubs, whilst 
dispersion from the fairway centre was statistically significant among subjects only for Club 3. No significant differences were 
found across the three clubs for any variables indicating no club effect.  
 
Table 2 : Club head velocity and shot performance means (± s.d.) for matched drivers for all subjects. 
 
Club ID Club head Velocity (ms-1) Carry (yds) Dispersion (yds)        σ/√n                                 
 
1 
 
48.52 ± 2.04* 
 
241.23 ± 15.20* 
 
-2.10 ± 16.24 
 
6.63 
2 48.74 ± 2.19* 240.86 ± 15.51* 5.17 ± 17.15 7.00 
3 48.61 ± 1.92 * 242.70 ± 11.31* 5.25 ± 13.85* 5.23 
        - =  left of target line  *significant difference among subjects (p≤0.05) 
 
Table 3 shows further descriptive statistics across subjects for launch characteristics recorded by the stereoscopic launch monitor 
for all trials using each matched driver. Significant difference was demonstrated for measures of side angle, launch angle and 
backspin. The dispersion chart Figure 2 shows all shots performed by all subjects using the three drivers. Again, industry standard 
yards are the units used for graphical representation. The shaded area represents the fairway which was cut 40 yards (63.58 m) 
wide. 
Table 3 : Launch angles and spin rate means (± s.d.) for shots performed using matched drivers. 
 
Club ID Side Angle (˚) Sidespin (RPM) Launch Angle (˚) Backspin (RPM) 
 
1 
 
-0.44 ± 2.75 
 
874.28 ± 859.34 
 
8.63 ± 1.86* 
 
2334.72 ± 1672.68* 
2 0.00 ± 3.10* 156.90 ± 667.47 7.97 ± 1.98 2840.62 ± 1117.88* 
3 -0.46 ± 2.15* 339.72 ± 735.01 8.66 ± 2.54* 2819.40 ± 593.51 
- =  left (of target line)  *significant difference among subjects (p≤0.05) 
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Figure 2 :  Scatterplot for all shots by all subjects using three ‘matched’ drivers. 
 
In addition, Table 4 presents descriptive data for club head velocity immediately prior to impact for each subject for each club. It 
can be seen that, in terms of mean club head velocity and standard deviation, there existed considerable difference in performance 
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within the small group of elite golfers studied. Table 4 notes also present test scores for the one-way ANOVA and post-hoc LSD 
performed, showing significant inter-subject variability (p<0.01) between numbered subjects. Furthermore, data showed 
considerable range in standard deviation of club head velocity for individual subjects from 0.24 ms-1 up to 0.96 ms-1 for sets of 
trials, indicating significant intra-subject variability, as the post-hoc LSD confirmed (p<0.01). 
 
Table 4 : Club head velocity at impact means (± s.d.) for matched drivers for individual subjects. 
 
Subject # Club ID Club head Velocity (ms-1) 
 
1 
 
1 
 
50.48 ± 0.44* 
1 2 50.66 ± 0.26* 
1 3 50.72 ± 0.59* 
2 1 49.09 ± 0.24* 
2 2 49.44 ± 0.33* 
2 3 48.86 ± 0.43* 
3 1 49.28 ± 0.47* 
3 2 49.75 ± 0.96* 
3 3 49.22 ± 0.51* 
4 1 44.52 ± 0.32* 
4 2 45.03 ± 0.48* 
4 3 45.04 ± 0.32* 
5 1 50.08 ± 0.31* 
5 2 50.81 ± 0.38* 
5 3 50.62 ± 0.35* 
6 1 46.98 ± 0.50* 
6 2 47.04 ± 0.69* 
6 3 47.27 ± 0.92* 
*significant difference among subjects (F=177.73, p≤0.01);  Post-Hoc LSD (subject v subject)1v3,4,5,6; 2v3,4,5; 3v4,5,6; 4v6; 5v6 
 
4 - Discussion 
 
Highly skilled acts are characterised more by the consistency of their output or results than by the consistency of the muscular 
contractions needed to achieve them. The aim of the current study was to investigate the launch characteristics and driving 
performance of low-handicap golfers using identical drivers for assessment of inter-subject variability. Inter- and intra-subject 
variability for club head velocity immediately prior to impact were both found to be significant, even with the elite group of golfers 
(<3 handicap) studied here.  However, whilst statistically significant variations in carry and dispersion were observed for shots 
performed with matched drivers, absolute variations were actually very small. It may be concluded that such small variations are 
unlikely to have any affect on overall shot performance.  
 
The variable nature of performance may be debated as to whether or not it is a detractor to shot outcome. Traditionally, increased 
variability has been viewed as associated with decreased stability (Heiderscheit, 2000). However, variability in joint coordination 
may provide the flexibility required for superior movement execution. Whilst the subjects tested were ‘good’ amateurs with a high 
level of skill, there will nonetheless be a period of time needed during which the golfer will use feedback, afferent, auditory, tactile 
in nature, to become accustomed to new drivers. It may be the case that a subject will constantly perform poorly with a particular 
club no matter how long a period they have to become accustomed to it. It may require days or weeks of practice with a club in 
order to familiarise oneself with it, in which case the small number of trials used in the present study (n=8) is only an indication of 
shot variability. The use of drivers with which the golfer was unfamiliar would have introduced some error into the normal swing 
path, but for the highly skilled golfers studied, this error is considered to be minimal. 
 
Significant inter-subject performance differences were noted for each of the test drivers. Differences, though, were mainly in terms 
of ball spin and launch angle, neither of which appeared to have any significant effect on carry nor dispersion from the fairway 
centre. Average differences in club head velocity and ball carry, measures which the majority of club manufacturers and golf 
coaches will highlight as being important, were less than 0.5%. These findings lead the authors to support the selection of any 
given subject from the cohort examined for future single-subject analyses, postulating that they would provide data representative 
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of this skill level. Further development of computer simulations using a single highly-skilled (<3 handicap) golfer would provide a 
valid representation of the kinematics and kinetics of the elite golf swing. 
 
5 - Conclusion 
 
The present study aimed to address performance variability among elite level golfers to ascertain whether single-subject (SS) 
analysis is merited for golf swing studies. Whilst there existed significant differences in overall performance between subjects with 
matched drivers, absolute variation was actually very small (<0.5 %). Intra-subject variability was also noted among these elite 
level golfers. However, it is concluded that golf swing research merits SS analysis where the focus on an individual representative 
of an elite skill level may provide key swing characteristics that permit further in-depth investigation, such as that offered by 
computer modelling. 
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